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EQUIVALENCE RELATIONS BETWEEN VISUAL STIMULI:
THE FUNCTIONAL ROLE OF NAMING

TOM RANDELL AND BOB REMINGTON

UNIVERSITY OF SOUTHAMPTON

The functionality of verbal behavior in equivalence class formation was demonstrated by training 30
verbally able adults using different combinations of the same easily nameable, yet formally unrelated,
pictorial stimuli. Match-to-sample baselines for four four-member classes were established sequentially
(i.e., AB-BC-CD), with participants in the rhyme condition trained to select comparisons whose nor-
mative names rhymed with those of the samples. For the orthogonal condition, class rearrangement
was such that on every trial all available comparisons’ names rhymed with each other, but not with
the name of the sample. In the diagonal condition, stimuli were allocated pseudorandomly as sam-
ples and comparisons. Although all participants maintained baseline discriminations prior to emer-
gent testing, equivalence was confined almost exclusively to the rhyme condition, in which it was
ubiquitous. These participants also required less training than those in the control conditions, among
whom effects of nodal distance were observed most strongly. Subsequent testing presented partici-
pants with no-reinforcement trials involving novel pictorial stimuli, in which one of the available
comparisons’ names always rhymed with that of the sample. All rhyme participants consistently se-
lected these comparisons. Results indicate that visual stimuli are named, that the phonological prop-
erties of those names can influence equivalence class formation, and that the emergence of un-
trained discriminations may, under certain circumstances, be rule governed.
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Stimulus equivalence has come to occupy a
prominent position within the experimental
analysis of human behavior in recent years,
and its definition is by now well known. When
baseline training establishes relations among
three or more behavioral or environmental
events, new relations emerge, untrained,
among those events. If testing without rein-
forcement reveals those relations to be reflex-
ive, symmetric, and transitive, the events in-
volved may be described as equivalent, or as
participating in an equivalence relation (Sid-
man, 1990, 1997; Sidman & Tailby, 1982). An
extensive literature attests to the generality of
such emergent phenomena, and equivalence
has been demonstrated using a diversity of
stimuli (e.g., Dube, McIlvane, Mackay, &
Stoddard, 1987; L. J. Hayes, Thompson, &
Hayes, 1989; Markham & Dougher, 1993;
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Roche & Barnes, 1997), modalities (e.g., An-
nett & Leslie, 1995; Dube, Green, & Serna,
1993; L. J. Hayes, Tilley, & Hayes, 1988;
O’Leary & Bush, 1996; Tierney, DeLargy, &
Bracken, 1995), and experimental prepara-
tions (e.g., Dube, McIlvane, Maguire, Mackay,
& Stoddard, 1989; Leader & Barnes, 1996; K.
J. Saunders, Saunders, Williams, & Spradlin,
1993; Sigurdardottir, Green, & Saunders,
1990). Although the majority of studies have
employed normal adults (e.g., Roche, Barnes,
& Smeets, 1997; Stromer & Stromer, 1990;
Wulfert & Hayes, 1988) or children as partic-
ipants (e.g., Lipkens, Hayes, & Hayes, 1993;
Pilgrim, Chambers, & Galizio, 1995), equiva-
lence has also been demonstrated among
people with mental retardation (e.g., K. J.
Saunders & Spradlin, 1993; Sidman, Cresson,
& Willson-Morris, 1974; Stromer & Osborne,
1982) and, more controversially, using non-
human animals (e.g., McIntire, Cleary, &
Thompson, 1987; Schusterman & Kastak,
1993; Vaughan, 1988).

From its inception, equivalence research
has been closely linked with the study of ver-
bal behavior (Sidman, 1971; Sidman & Cres-
son, 1973), and the relationship has re-
mained intimate over the years (Hall &
Chase, 1991; S. C. Hayes & Hayes, 1992; Sid-
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man, Willson-Morris, & Kirk, 1986). During
the last decade, however, debate has intensi-
fied regarding the primacy of verbal behavior
or equivalence, and over the suggestion that
verbal behavior may provide the necessary
and sufficient preconditions for equivalence
class formation (Horne & Lowe, 1996, 1997).

Contrary to Sidman’s conceptualization of
equivalence as a behavioral primitive under-
pinning linguistic function (Sidman, 1994),
Lowe and colleagues (Dugdale & Lowe, 1990;
Horne & Lowe, 1996, 1997) have argued that
equivalence and other higher order human
behavior result from participants’ overt or co-
vert naming of stimuli, regardless of modality.
In this view, naming is bidirectional stimulus-
classifying behavior and describes the fusion
of speaker and listener behavior resulting
from an individual’s history of reinforcement
within a verbal community. The name relation
is proposed as the basic unit of verbal behav-
ior, and success on tests of equivalence is pro-
posed to result either from participants’ com-
mon naming of individual stimuli or their
linking of individual stimulus names by in-
traverbal rules (Horne & Lowe, 1996).

Although the majority of relevant studies
have reported no consistent evidence for ei-
ther the necessity or sufficiency of naming in
equivalence (e.g., Green, 1990; Lazar, Davis-
Lang, & Sanchez, 1984; Sidman et al., 1986),
acceptance of such a conclusion has been
tempered by the methodological problems
inherent in separating verbal and nonverbal
experimental outcomes (Perone, 1988; Shi-
moff, 1984, 1986; Wulfert, Dougher, & Green-
way, 1991), especially when the verbal pro-
cesses implicated may be covert and
unmeasurable (Skinner, 1969). Although
some studies with children as participants
(Barnes, McCullagh, & Keenan, 1990; De-
vany, Hayes, & Nelson, 1986) have suggested
correlations between chronological age, de-
velopment of verbal behavior, and equiva-
lence class formation, criticisms have been
made on methodological grounds (R. R.
Saunders & Green, 1996) and because of the
correlational nature of the data (Dugdale &
Lowe, 1990). As Sidman (1994) has pointed
out, causal data would be a step in the right
direction toward resolving the naming de-
bate.

With regard to this, Dugdale and Lowe
(1990) noted that when normal children who

had previously failed equivalence tests were
taught a common name for visual stimuli con-
gruent with the classes defining the experi-
ment, they then proceeded to exhibit the pat-
tern of behavior that defines equivalence.
Likewise employing visual stimuli, Eikeseth
and Smith (1992) reported the facilitative ef-
fects of common naming interventions in re-
mediating failures on tests for equivalence
among autistic children. Their findings did
not, however, demonstrate the necessity of
naming for class formation. Lowe and Beasty
(1987) similarly demonstrated the efficacy of
teaching intraverbal naming strategies to chil-
dren in producing equivalence. Such studies
have attracted criticism, however, for the po-
tential confounding of verbal control by fur-
ther exposure to the experimental contingen-
cies (Mandell & Sheen, 1994).

Even very young human participants bring
to experimentation an extensive verbal his-
tory, which in most paradigms has constituted
an uncontrolled and uncontrollable variable,
precluding definitive analyses. Although var-
ious studies have attempted to circumvent
such difficulties by using language-disabled
participants (e.g., Barnes et al., 1990; Devany
et al., 1986) or abstract stimuli (e.g., Lazar et
al., 1984; R. R. Saunders, Wachter, & Sprad-
lin, 1988), other research has set out specifi-
cally to investigate the relationship between
verbal behavior and equivalence by capitaliz-
ing on participants’ verbal history, through
the manipulation of visual stimuli among ver-
bally able adults.

Mandell and Sheen (1994) employed three
classes of textual stimuli to control potential
naming among their undergraduate partici-
pants: phonologically correct, pronounceable
pseudowords (e.g., SNAMB), phonologically
incorrect pseudowords (e.g., NSJBM), and
punctuation marks (e.g., 1]*`!). If, as they
suggested, naming is an important determi-
nant of class formation, then the pronounce-
ability of presented stimuli should be indica-
tive of the speed and accuracy with which
classes form. Experiment 1 confirmed that
participants exposed to pronounceable stim-
uli demonstrated equivalence more quickly
and with greater consistency than partici-
pants in the other conditions, and also
showed that participants in those conditions
tended to produce spontaneously idiosyncrat-
ic names for the unpronounceable stimuli. A
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second experiment indicated that when par-
ticipants were pretrained to apply names oral-
ly to phonologically incorrect pseudowords,
their performance was enhanced in compar-
ison to participants who received no such pre-
training.

Participants’ verbal behavior should not be
regarded as a panacea for remediating equiv-
alence failures, however, as Horne and Lowe
(1996) have observed. In addition to evi-
dence that some verbally able participants fail
equivalence tests (e.g., Dugdale & Lowe,
1990; Eikeseth & Smith, 1992), other findings
indicate that participants’ verbal behavior can
either facilitate or hinder class formation, de-
pending on the congruence of the naming
strategies employed with the experimenter-
designated classes governing positive test out-
comes. Dickins, Bentall, and Smith (1993)
first taught three groups of participants base-
line relations between sets of pictograms, af-
ter which the participants in two of the
groups were taught paired associations be-
tween the names they had given those stimuli,
forming verbal associations discordant with
the stimulus classes already established by
match-to-sample training. Participants in the
third group were taught paired associations
between neutral names and those of the ex-
perimental stimuli. Participants exposed to
across-class paired associations were less suc-
cessful on subsequent tests of equivalence
than those in the latter group, with baseline
discriminations repeatedly superseded by
their subsequent verbal training.

Bentall, Dickins, and Fox (1993, Experi-
ment 1) presented three groups of under-
graduate participants with different types of
visual stimuli designated as nameable preas-
sociated pictograms, nameable nonassociated
pictograms, and hard-to-name abstract stim-
uli. As predicted, equivalence was demon-
strated most quickly and with fewest errors by
participants exposed to the preassociated
stimuli and most slowly by those in the ab-
stract condition, although postexperimental
interviews failed to reveal the consistent use
of class names. A methodological refinement
(Experiment 2), employing only preassociat-
ed and abstract stimuli, supported the previ-
ous findings. Although both groups of partic-
ipants reported naming nearly all the stimuli
to which they were exposed, postexperimen-
tal interviews again failed to reveal consistent

common naming of stimuli. A final experi-
ment investigated the effects of pretraining
different stimulus naming strategies on class
formation. Prior to match-to-sample training,
one group of participants was trained to
name stimuli individually, and another group
was taught to use class names. Although the
latter group experienced more difficulty in
learning stimulus names, criterion match-to-
sample training took longer for the first
group. Smith, Dickins, and Bentall (1996)
further reported that the class-discordant as-
sociations trained orally between stimulus
names prior to testing for emergent relations
largely superseded previous match-to-sample
baseline training, suggesting that partici-
pants’ names for individual stimuli may play
a role in the formation of equivalence classes
but not in their maintenance.

The present research was conducted to elu-
cidate the role of verbal behavior in equiva-
lence class formation by presenting different
arrangements of the same easily nameable,
yet formally unrelated, visual stimuli to ver-
bally able adult participants. As Remington
(1996) has observed, if the properties of stim-
ulus names, rather than the stimuli named,
determine the ease with which equivalence
classes form, it should be possible to identify
groupings of stimuli that will be more or less
easily related on the basis of their names. Re-
search has suggested that a highly salient fea-
ture of words is their phonological character-
istics, especially when those characteristics
promote rhyme with other words (Goswami
& Bryant, 1990). If participants name visual
stimuli, then classes composed of stimuli
whose names rhyme might be expected to be-
come equivalent more readily than classes of
stimuli whose names share no such similarity.

Three experimental conditions were com-
pared; one in which the names of stimuli
forming classes rhymed and two control con-
ditions composed of different combinations
of the same stimuli whose names were pho-
nologically unrelated. Because the paradigm
constituted a typical arbitrary visual–visual
paradigm and participants in all conditions
were exposed to the same performance-con-
tingent training program, it was predicted
that equivalence would be demonstrated by
participants in all conditions. If the hypoth-
esis was correct, however, equivalence would
be demonstrated more quickly and with fewer
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Fig. 1. Typical match-to-sample screen display, illus-
trating an A1B1 trial for the rhyme condition; boat (sam-
ple), goat (correct comparison).

Table 1

Normative names of pictorial stimuli used in baseline
training, emergent testing, and generalization testing.

Baseline training and
emergent testing

Generalization
testing

boat goat note coat can man fan
flea tree bee key dog frog log
rat bat cat hat snake cake rake
bear chair hair pear

errors by participants in the former condi-
tion. As a measure of the normativeness of
stimulus names used, written postexperimen-
tal tests of naming were conducted. Effects of
nodal distance (Fields, Adams, & Verhave,
1993; Fields, Adams, Verhave, & Newman,
1990; Fields & Verhave, 1987) and the possi-
ble generalization of rhyme-based equiva-
lence classes to novel stimuli whose names
rhymed were also assessed.

METHOD
Participants

Thirty students and staff at the University
of Southampton (18 female, 12 male) vol-
unteered to participate in the study and were
assigned randomly, but in equal number, to
three experimental conditions (rhyme, or-
thogonal, and diagonal). Aged between 18
and 40 years, all were native English speakers
with no prior knowledge of the research. Par-
ticipation was voluntary but paid at a rate of
£2.50 (approximately $4.00) per 30 min, in-
dependent of experimental performance.
Data from 1 participant, whose first language
was Italian, are excluded from formal analys-
es and are considered separately.

Apparatus and Setting
Using software designed specifically for

equivalence research (Dube & Hiris, 1996), a
Power Macintosht computer presented all
stimuli and automatically recorded partici-

pants’ responses and response latencies. Dur-
ing match-to-sample trials, its 15-in. (38-cm)
monitor displayed five white ‘‘keys’’ (4.5 cm
square) that were indiscernible against a
white background. Sample stimuli were pre-
sented on the center key, and comparisons
appeared on the four outer keys (see Figure
1). During generalization testing, one of the
outer keys, its position varying from trial to
trial, always remained blank. Participants
were tested individually in a small windowless
cubicle (1.5 m by 2.9 m) containing a desk
on which were placed a sheet of written in-
structions, the computer, monitor, and
mouse, and an envelope concealing a pen
and posttest booklet for completion subse-
quent to match-to-sample testing. No key-
board was visible, and responses were made
using the mouse. All participants completed
the experiment in one sitting, which never
exceeded 1.5 hr duration.

Stimuli and Class Arrangements

Stimuli were 25 black-and-white pictures of
easily nameable items (some adapted from
Snodgrass & Vanderwart, 1980), the norma-
tive names of which were each between three
and five letters in length (see Table 1). Six-
teen of these stimuli provided the potential
for four four-member equivalence classes in
each condition; the other nine, presented in
the final testing phase only, provided the po-
tential for three three-member generalized
classes. Although all participants were ex-
posed to the same stimuli throughout the ex-
periment, the arrangements of stimuli com-
posing potential equivalence classes differed
among the three conditions. In the rhyme
condition, classes were composed of stimuli
whose names rhymed with each other, and
trials always presented a sample whose name
rhymed with that of the correct comparison
but never with those of the incorrect com-
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Fig. 2. Stimuli and class configurations used in base-
line and emergent trials for all conditions. Numbered
rows denote classes; lettered columns denote stimuli.

Fig. 3. Stimuli and class configurations used in gen-
eralization testing for all conditions. Numbered rows de-
note classes; lettered columns denote stimuli.

parisons. For two control conditions, classes
consisted of stimuli whose names did not
rhyme: In the orthogonal condition, class re-
arrangement was such that all available com-
parisons’ names always rhymed with each oth-
er but never rhymed with that of the sample.
In the diagonal condition, one of the incor-
rect comparisons’ names always rhymed with
the sample’s name but never rhymed with
those of either the correct or the other two
incorrect comparisons, whose names also did
not rhyme with each other (see Figure 2 for
stimuli and class arrangements for all condi-
tions). The other nine stimuli (presented in
identical class configurations for all condi-
tions) permitted use of only three compari-
sons per trial, the name of one of which al-
ways rhymed with the sample’s name but
never with those of the other two compari-
sons (see Figure 3).

Procedure

Participants were asked to familiarize them-
selves with the instructions before them, and
were then left to complete the experiment.

Instructions. Initially, the following text was
displayed on the computer’s monitor: ‘‘When
you are familiar with the written instructions,
please click on ‘Continue’ to start the exper-
iment.’’ The written instructions were as fol-
lows:

When the experiment begins, and at the start
of each subsequent trial, you will see a picture
in the middle of the screen in front of you.
Use the mouse to click on it. More pictures
will now appear in the corners of the screen.
Use the mouse to click on one of these. At
first, you will receive feedback on your choic-
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es, a ‘‘beep’’ for correct and a ‘‘buzz’’ for in-
correct. During later stages of the experiment,
you will no longer receive feedback on your
choices—the computer will tell you when.
Keep on going however, and continue to do
the best you can! Please aim to complete the
experiment as quickly and accurately as pos-
sible. The computer will record your perfor-
mance throughout, and a message on screen
will tell you when the experiment is over.
When you are ready to start, please click on
‘‘Continue.’’ Thank you for participating in
this experiment. You are free to leave at any
point.

The specified action removed the on-screen
instructions and match-to-sample training
commenced.

General procedure and match-to-sample contin-
gencies. Each trial began with presentation of
a sample stimulus, an observing response
with the mouse causing the comparison stim-
uli to be displayed. All stimuli remained in
view until selection of a comparison caused
them immediately to disappear, followed, af-
ter a 1-s interval, by presentation of the next
trial. Comparison selections made within 0.5
s of presentation had no such consequence,
however, and all stimuli remained in view.
There was no limit to trial duration. Positions
of correct and incorrect comparisons varied
pseudorandomly from trial to trial, and,
throughout training and testing, comparisons
were always the members of all other stimulus
classes sharing the same alphabetic designa-
tion (e.g., B1, B2, B3, B4). At no point did
the location of the correct comparison re-
main constant for more than two consecutive
trials, nor did the same sample stimulus ap-
pear for more than two trials consecutively.

All participants were exposed to the same
performance-contingent training and testing
program. In reinforced training, selection of
class-consistent comparison stimuli was fol-
lowed by a beep and the word ‘‘CORRECT’’
displayed on the screen. Other choices re-
sulted in a buzz and a darkened screen. Dur-
ing testing without reinforcement, however,
the only consequence of a response was the
presentation of the next trial. To assess effects
of nodal distance, training was sequential
(i.e., AB-BC-CD), allowing the potential
emergence of 12 symmetric (BA, CB, DC),
eight one-node transitive (AC, BD), eight
one-node equivalence (CA, DB), four two-

node transitive (AD), and four two-node
equivalence relations (DA). The overall pro-
cedure for all conditions was designed as a
series of successive training and testing
blocks, the details of which are given below.

Phase 1: Establish AB, BC, and CD baseline
relations. Initially, AB relations were trained,
with each of the four relations (i.e., A1B1,
A2B2, etc.) presented in pseudorandom or-
der once every four trials. When a criterion
of 12 consecutive correct responses had been
achieved, BC relations were trained in iden-
tical fashion. When the same criterion had
been attained for these relations, CD rela-
tions were established, again to the same cri-
terion.

Phase 2: Review baseline relations, with feed-
back. Consequent to fulfillment of the above
criteria, all baseline relations were reviewed
in 12-trial blocks, with all AB, BC, and CD
trials intermixed in pseudorandom order.
Samples from the same class were never pre-
sented consecutively. On completion of one
reinforced trial block with 100% accuracy, the
next review phase commenced, assessing
baseline maintenance in extinction.

Phase 3: Review baseline maintenance without
feedback. Otherwise identical to Phase 2, all
trials during this phase were completed in the
absence of explicit reinforcement. If perfor-
mance remained at 100% accuracy over the
first 12-trial block, emergent testing com-
menced (Phase 4). If criterion was not
achieved by the end of the second block,
however, baseline relations were reviewed,
again with feedback (Phase 2). Review of
baseline and its maintenance in extinction
continued in this way until 100% accuracy
was demonstrated over one block of test trials
(i.e., trials in which no reinforcement was de-
livered). Table 2 shows the conditional dis-
criminations established in Phases 1 to 3.

Phase 4: Emergent testing. All possible emer-
gent relations except reflexivity were present-
ed, in pseudorandom order, in a maximum
of four 36-trial blocks (see Table 3). Gener-
alized identity-matching repertoires were as-
sumed (Bush, Sidman, & de Rose, 1989). If
participants satisfied the criterion of a mini-
mum of 35 of 36 class-consistent responses in
any one emergent testing block, generaliza-
tion testing commenced (Phase 5). If, how-
ever, criterion had not been achieved at the
end of two consecutive blocks of emergent



401EQUIVALENCE, VISUAL STIMULI, AND NAMING

Table 2

Baseline trial configurations, using single-sample and four-comparison displays.

Trained relations

AB

Sa Co1 Co2

BC

Sa Co1 Co2

CD

Sa Co1 Co2

A1 B1 B2, B3, B4 B1 C1 C2, C3, C4 C1 D1 D2, D3, D4
A2 B2 B1, B3, B4 B2 C2 C1, C3, C4 C2 D2 D1, D3, D4
A3 B3 B1, B2, B4 B3 C3 C1, C2, C4 C3 D3 D1, D2, D4
A4 B4 B1, B2, B3 B4 C4 C1, C2, C3 C4 D4 D1, D2, D3

Note. Sa: sample stimulus; Co1: positive comparison stimulus; Co2: negative comparison stimuli.

Table 3

Emergent trial configurations, using single-sample and four-comparison displays.

Emergent relations

Sa Co1 Co2 Sa Co1 Co2 Sa Co1 Co2 Sa Co1 Co2

Symmetry
BA B1 A1 A2, A3, A4 B2 A2 A1, A3, A4 B3 A3 A1, A2, A4 B4 A4 A1, A2, A3
CB C1 B1 B2, B3, B4 C2 B2 B1, B3, B4 C3 B3 B1, B2, B4 C4 B4 B1, B2, B3
DC D1 C1 C2, C3, C4 D2 C2 C1, C3, C4 D3 C3 C1, C2, C4 D4 C4 C1, C2, C3

One-node transitivity
AC A1 C1 C2, C3, C4 A2 C2 C1, C3, C4 A3 C3 C1, C2, C4 A4 C4 C1, C2, C3
BD B1 D1 D2, D3, D4 B2 D2 D1, D3, D4 B3 D3 D1, D2, D4 B4 D4 D1, D2, D3

One-node equivalence
CA C1 A1 A2, A3, A4 C2 A2 A1, A3, A4 C3 A3 A1, A2, A4 C4 A4 A1, A2, A3
DB D1 B1 B2, B3, B4 D2 B2 B1, B3, B4 D3 B3 B1, B2, B4 D4 B4 B1, B2, B3

Two-node transitivity
AD A1 D1 D2, D3, D4 A2 D2 D1, D3, D4 A3 D3 D1, D2, D4 A4 D4 D1, D2, D3

Two-node equivalence
DA D1 A1 A2, A3, A4 D2 A2 A1, A3, A4 D3 A3 A1, A2, A4 D4 A4 A1, A2, A3

Note. Sa: sample stimulus; Co1: positive comparison stimulus; Co2: negative comparison stimuli.

testing, baseline relations were again re-
viewed, first without feedback (Phase 3) and,
if 100% accuracy had not been achieved at
the end of two trial blocks (24 trials), again
with feedback (Phase 2). Baseline review con-
tinued in this way until all relations were
again demonstrated with 100% accuracy over
one block of test trials. The two final blocks
of emergent testing were then presented.
Generalization testing followed completion
of the fourth emergent block, regardless of
performance.

Phase 5: Generalization testing. Two consec-
utive blocks of 18 test trials each were pre-
sented, involving previously unseen stimuli.
Each trial presented a novel sample stimulus
followed, after an observing response, by
three novel comparisons (see Table 4). If, at
the end of the first block, participants had

selected only comparisons whose names
rhymed, match-to-sample testing ended. An
on-screen message automatically informed
participants of this and asked them to com-
plete the posttest in the envelope before
them. Following the second block of gener-
alization trials, the same message was dis-
played, regardless of performance.

Phase 6: Naming posttest. Subsequent to
match-to-sample testing, participants com-
pleted a written posttest that was designed to
indicate their naming responses during the
experiment. The booklet was headed by the
following instructions:

Printed below are the pictures that you have
seen during the experiment. Did you mentally
name any of them, or refer to them in any way
during testing? If you did, please write under
each picture the name, or names, you used for
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Table 4

Generalization trial configurations, using single-sample and three-comparison displays.

Generalized emergent relations

Sa Co1 Co2 Sa Co1 Co2 Sa Co1 Co2

EF E1 F1 F2, F3 E2 F2 F1, F3 E3 F3 F1, F2
FE F1 E1 E2, E3 F2 E2 E1, E3 F3 E3 E1, E2
FG F1 G1 G2, G3 F2 G2 G1, G3 F3 G3 G1, G2
GF G1 F1 F2, F3 G2 F2 F1, F3 G3 F3 F1, F2
EG E1 G1 G2, G3 E2 G2 G1, G3 E3 G3 G1, G2
GE G1 E1 E2, E3 G2 E2 E1, E3 G3 E3 E1, E2

Note. Sa: sample stimulus; Co1: positive comparison stimulus; Co2: negative comparison stimuli.

it during the experiment. If you did not refer
to a picture in any such way, please leave the
space underneath it blank.

All experimental stimuli were presented,
each followed by a blank space and dotted
line.

RESULTS

All participants completed the experiment,
although the accuracy with which they did so
strongly differentiated participants in the
rhyme condition from those in the two con-
trol conditions. Individual participants’ trials
and errors during all phases of match-to-sam-
ple training and testing are presented in Ap-
pendix A, and their latency data appear in
Appendix B.

Phase 1: Establish Baseline Relations

Acquisition of baseline relations was easiest
for participants in the rhyme condition and
was most difficult for those in the orthogonal
condition. The mean number of trials re-
quired by rhyme participants to meet all
three criteria for this phase was 53.6 (SD 5
24.7) with a mean error score of 9.9 (SD 5
12.3), whereas the mean number of trials re-
quired by participants in the orthogonal con-
dition was 115.7 (SD 5 25.1), with a mean of
42.6 errors (SD 5 18.6). diagonal participants
required a mean of 98 trials (SD 5 36), with
a mean of 31.2 errors (SD 5 16.7). With one
exception (Participant SG), all participants in
the rhyme condition required fewer trials to
establish baseline relations than any partici-
pant in either of the two control conditions.
Participant SG aside, the greatest number of
trials required by a participant in the rhyme
condition was 57 (nine errors). By contrast,

the smallest number of trials required by any
participant in the orthogonal condition was
87 (29 errors), and was 67 (21 errors) in the
diagonal condition: The smallest number of
trials required by a participant in the rhyme
condition was 36 (0 errors)—the minimum
to meet the criteria. Apart from Participant
SG, the maximum number of errors made by
anyone in the rhyme condition was 14 and,
although the most accurate diagonal partici-
pant made only 12 errors, no one else in that
condition made fewer than 20 errors. In the
orthogonal condition, the minimum error
score was 25. Figure 4 shows the mean num-
ber of trials required and errors made by par-
ticipants in all conditions during this phase
of training.

The trial and error data were subjected to
mixed design analyses of variance, in both of
which the between-subject factor was condi-
tion (rhyme, orthogonal, diagonal) and the
within-subject factor was training block (AB,
BC, CD). Regarding the number of trials re-
quired to meet the initial criteria, there was
a significant main effect of condition, F(2,
27) 5 12.11, p , .0001, and a significant in-
teraction of Condition 3 Training Block, F(4,
54) 5 4.96, p , .01. Regarding errors, there
was a significant main effect of condition,
F(2, 27) 5 10.67, p , .0001, and a significant
interaction of Condition 3 Training Block,
F(4, 54) 5 3.73, p , .01. Scheffé tests (at an
alpha level of .05) indicated that the number
of trials required and errors made during AB
training did not differ significantly between
conditions. During BC training, however, the
number of trials and errors in the rhyme con-
dition was significantly smaller than in the
control conditions, which did not differ sig-
nificantly from each other. Again, during CD
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Fig. 4. Mean trials and errors (1SE) in all conditions
to establish component baseline relations (Phase 1).

training, significantly fewer trials were re-
quired in the rhyme condition than in the
orthogonal condition, and significantly fewer
errors were made in the former condition
than in the orthogonal and diagonal condi-
tions (the latter at an alpha level of p 5 .084).
There were also significantly fewer trials re-
quired and errors made in the diagonal con-
dition than in the orthogonal condition.

Phases 2, 3, and 4: Baseline Review and
Emergent Testing

Review prior to initial emergent testing. All 10
participants in the rhyme condition achieved
complete accuracy during their first block of
reinforced review, but only 3 participants in
the orthogonal condition and 1 in the diag-
onal condition performed likewise. The top
half of Figure 5 shows the total number of
trials and errors for participants in each con-
dition during this review phase.

Subsequent to meeting criterion for rein-
forced review, all participants but 2 in each
condition performed without error during
their first block of extinction review and pro-

ceeded to emergent testing. Of the remain-
ing participants, both of those in the rhyme
condition and 1 in the orthogonal condition
performed errorlessly during their second
block of extinction review. The other orthog-
onal participant required one additional
block of reinforced review before meeting cri-
terion in extinction. In the diagonal condi-
tion, 1 participant required two additional re-
inforced blocks; the other required an
additional 27 blocks.1 The lower half of Fig-
ure 5 shows the total number of trials and
errors for all participants during extinction
review.

Initial emergent testing (Blocks 1 and 2). Al-
though all participants showed errorless base-
line maintenance in extinction immediately
prior to emergent testing, equivalence was
confined almost exclusively to participants in
the rhyme condition.

Within the first block of emergent testing,
all rhyme participants but 1 fulfilled the 35
of 36 criterion for equivalence; 7 performed
errorlessly. The remaining participant (SG)
performed without error during the second
testing block. By contrast, only 3 participants
from the control conditions achieved criteri-
on during initial testing, one from each con-
dition in the first block and another from the
diagonal condition in the second block. From
the 18th trial of the first block and through-
out the second block, 1 participant (RC) in
the diagonal condition selected only compar-
isons whose names rhymed with those of the
samples. The left sections of Figure 6 show
means of percentage error scores made by
participants in all conditions during these two
blocks. Percentages have been presented be-
cause the numbers of emergent relations in
each block were unequal.

These data were subjected to a mixed-de-
sign analysis of variance in which the be-
tween-subject factor was condition (rhyme,
orthogonal, diagonal) and the within-subject
factor was relation type (symmetry, one-node
transitivity, one-node equivalence, two-node

1 Of these blocks, three were completed without error.
Nine blocks contained a single incorrect response to
Sample A3, and another four blocks contained a single
incorrect response to Sample B4. A further six blocks
contained incorrect responses to both of these samples.
None of the remaining five blocks contained more than
four errors, and only two of these blocks did not contain
an incorrect response to Samples A3, B4, or both.
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Fig. 5. All participants’ trials and errors in reinforced and extinction baseline reviews (Phases 2 and 3) prior to
initial emergent testing.

transitivity, two-node equivalence). Regarding
the number of errors made during the first
block of emergent testing, there was a signif-
icant main effect of condition, F(2, 27) 5
14.86, p , .0001, of relation type, F(4, 108)
5 14.41, p , .0001, and a significant inter-
action of Condition 3 Relation Type F(8,

108) 5 4.54, p , .0001. Scheffé tests (at an
alpha level of .05) further indicated that al-
though significantly fewer errors were made
in the rhyme condition than in either of the
control conditions, those conditions did not
differ significantly from each other. Post hoc
means comparisons (at an alpha level of .05)
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Fig. 6. Means of percentage error scores (1SE) of all
participants in the rhyme, orthogonal, and diagonal con-
ditions during testing of emergent relations (Phase 4).

indicated that participants in both control
conditions made significantly fewer errors on
symmetry trials than on any other trial type,
that participants in the orthogonal condition
made significantly fewer errors on trials of
one-node transitivity than on any other trial
type, and that participants in the diagonal
condition made significantly fewer errors on

trials of two-node transitivity than on trials of
two-node equivalence. No significant differ-
ences were observed, however, in the data of
the rhyme condition.

Response latencies also differentiated the
rhyme condition from the control conditions
during emergent testing. Mixed-design anal-
ysis of variance of latencies during the first
block of testing—the only block to which all
participants were exposed—showed signifi-
cant main effects of condition, F(2, 27) 5
5.24, p , .05, and of relation type, F(4, 108)
5 8.48, p , .0001. An interaction of Condi-
tion 3 Relation Type was also observed, F(8,
108) 5 1.86, p , .07.2 Post hoc means com-
parisons (at an alpha level of .05) further in-
dicated that latencies in the rhyme condition
were significantly shorter than in the control
conditions, and that latencies in the latter
conditions did not differ significantly from
each other. Post hoc means comparisons also
indicated that overall, mean latencies were
significantly longer on two-node equivalence
trials than on any other relation type. Mean
latencies for symmetry trials were also signif-
icantly shorter than on two-node transitivity
trials. Figure 7 shows mean response latencies
in each condition during Block 1 for each
type of emergent relation tested.

Review prior to final emergent testing. Because
all participants in the rhyme condition had
shown equivalence during initial testing,
none received further baseline review. Of the
8 orthogonal and 9 diagonal participants who
had failed to meet criterion for equivalence,
5 from each condition demonstrated contin-
ued baseline maintenance, performing error-
lessly in extinction within two consecutive re-
view blocks. Two of the 3 remaining
orthogonal participants required two addi-
tional reinforcement blocks each before
meeting criterion in extinction; the other
participant required a total of six blocks. Two
of the 4 diagonal participants received a sin-

2 These differences were confirmed by latency data av-
eraged across all testing blocks to which participants were
exposed, analysis of variance again indicating significant
main effects of condition, F(2, 27) 5 6.54, p , .01, and
relation type, F(4, 108) 5 15.1, p , .0001, and a signifi-
cant interaction of Condition 3 Relation Type, F(8, 108)
5 2.93, p , .01. Because of the small proportion of class-
consistent responses outside the rhyme condition, anal-
yses were performed on latencies for both correct and
incorrect responses throughout.
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Fig. 7. Mean response latencies (1SE) in all conditions during the first block of emergent testing (Phase 4).

gle additional review block with reinforce-
ment; the remaining 2 received a total of four
blocks each.

Final emergent testing (Blocks 3 and 4). Of the
20 participants in the control conditions, 17
(8 orthogonal and 9 diagonal) received fur-
ther emergent testing. Of these, only 2, from
the orthogonal condition, showed equiva-
lence—both in their third testing block. The
remaining 15 participants who never showed
equivalence (including Participant RC, who
again selected only rhyming comparisons
throughout both final blocks) had each re-
ceived a total of 144 emergent testing trials
and had made an average of 71.8 errors (SD
5 9).

The means of percentage error scores of
these participants during the final block of
emergent testing were subjected to a mixed-
design analysis of variance in which the be-
tween-subject factor was condition and the
within-subject factor was trial type. This indi-
cated a significant main effect of condition,
F(1, 13) 5 5.02, p , .04, the remaining par-
ticipants in the orthogonal condition having
made fewer errors than those in the diagonal
condition. A significant main effect of rela-
tion type was also observed, F(4, 52) 5 7.77,
p , .0001, as well as a significant interaction
of Condition 3 Relation Type, F(4, 52) 5
2.58, p , .05. Post hoc means comparisons
(at an alpha level of .05) indicated that par-
ticipants in the orthogonal condition made
significantly fewer errors on symmetry trials
than on any other trial type, and that partic-
ipants in the diagonal condition made signif-
icantly fewer errors on symmetry trials than
on any other trial type except two-node equiv-
alence. Participants in the orthogonal condi-

tion also made significantly more errors on
trials of two-node transitivity than on trials of
one-node transitivity or one-node equiva-
lence, whereas participants in the diagonal
condition made significantly fewer errors on
trials of two-node equivalence than on any
other trial type except symmetry. The right
sections of Figure 6 show means of percent-
age errors made in the orthogonal and di-
agonal conditions during this phase of test-
ing.

Phase 5: Generalization Testing

Figure 8 shows mean errors made by par-
ticipants in all conditions during generaliza-
tion testing, with errors defined as selection
of a comparison stimulus whose name did not
rhyme with that of the sample. All but 2 par-
ticipants in the rhyme condition selected only
rhyming comparisons in the first block of test-
ing, with the remaining 2 doing so in their
second block (1 of these being Participant
SG). Only 1 participant from each of the con-
trol conditions made no errors in the first
block, although 6 participants in the orthog-
onal condition and 3 in the diagonal condi-
tion selected only rhyming comparisons dur-
ing the second block.

Phase 6: Naming Posttests

All participants’ posttests suggested a high
degree of normative stimulus naming, al-
though some stimuli were so named less con-
sistently than others (e.g., louse, bug, gnat, or
mite for flea, yacht for boat, mouse for rat, and
tin for can). No rhyme participant indicated
using a nonnormative stimulus name
throughout the experiment, although 6 in-
dicated that they had changed the names
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Fig. 8. Mean errors (1SE) in all conditions during generalization testing (Phase 5).

used to the normative ones during the course
of the experiment.

One participant in the orthogonal condi-
tion named every stimulus normatively, as did
3 participants in the diagonal condition. An-
other orthogonal participant reported chang-
ing from a nonnormative to a normative stim-
ulus name on the basis of rhyme (oak to tree),
and 4 participants from the control condi-
tions noted using intraverbal phrases (e.g.,
there’s a bee in your hair, the cat eats the pear, cat
stuck in a tree, etc.) during training and test-
ing.

Effects of Language Experience

The data from 1 participant (PM) who was
originally assigned to the rhyme condition
were rejected from analysis because his first
language was Italian. Posttesting revealed his
use of a variety of idiosyncratic stimulus
names, in both Italian and English (e.g., sorcio
[mouse] for rat, topa [beautiful woman] in
response to hair, cap for hat, etc.). This was
the only participant exposed to rhyme con-
dition training who never met the criterion
for equivalence, making a total of 34 errors
over the first two emergent blocks and 39
during the latter two. This participant also
made a total of 27 errors during generaliza-
tion testing, and reported 11 nonnormative
naming responses on the posttest.

Although her stated first language was En-
glish and her data are included in the above
analyses, it is perhaps worthy of note that Par-
ticipant SG—whose performance was also ex-
ceptional in the rhyme condition—was a flu-
ent speaker of both English and Hindi.

DISCUSSION

The results suggest that the participants
named the experimental stimuli without in-
struction, and that the phonological proper-
ties of the names given (specifically their
rhyming characteristics) influenced match-to-
sample performance. When the names of
stimuli composing classes rhymed with each
other, baseline learning and maintenance,
equivalence, and generalized class formation
occurred more quickly and reliably than
when those names did not rhyme. Less vari-
ability was also observed in the data of partic-
ipants who were trained with rhyming com-
binations of stimuli. Because the facilitative
effects of rhyme necessarily depended on the
naming of stimuli, albeit covertly, the results
observed could not have occurred in the ab-
sence of naming. It can therefore be inferred
that naming—a result of participants’ individ-
ual verbal histories (Horne & Lowe, 1996,
1997)—was functional during the experi-
ment.

Baseline establishment (Phase 1) consisted
of three consecutively presented training
blocks (AB, BC, and CD), each composed of
newly introduced stimuli, yet all participants
but 3 in the rhyme condition performed with-
out error throughout BC and CD training.
Only 1 participant in the control conditions
performed without error during either of
these blocks (diagonal Participant CS during
CD training). Because the baseline stimuli
presented in all conditions bore no consistent
formal resemblances to each other, it seems
plausible that rhyme participants’ consistently
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class-congruent selection of previously un-
seen BC and CD comparisons was verbally
controlled (Horne & Lowe, 1996) or rule
governed (Skinner, 1969), in that during AB
training they had learned that selection of
any comparison whose name rhymed with
that of its sample would be correct. Partici-
pants in the control conditions, learning a se-
ries of purely arbitrary discriminations, had
no such straightforward verbal basis for selec-
tion available. The virtually errorless mainte-
nance of baseline demonstrated by partici-
pants in the rhyme condition during review
(Phases 2 and 3) did not undermine this in-
terpretation.

It seems equally plausible that the rapid
and accurate demonstration of equivalence
by participants in the rhyme condition (Phase
4) was a product of the same verbal control:
By the end of the second block of 36 trials,
all 10 participants in the rhyme condition
had met criterion for equivalence, whereas
only 3 of the 20 participants in the control
conditions had performed likewise. The data
from 1 participant in the diagonal condition
further indicated the functionality of verbal
behavior during the experiment: Participant
RC selected only rhyming comparisons
throughout his last 137 emergent trials, de-
spite having received no previous reinforce-
ment for selecting such comparisons, and de-
spite having mastered the diagonal
condition’s baseline. This performance (a
flawless demonstration of the emergent rela-
tions of equivalence had he been in the
rhyme condition) indicates that baseline
training may be superseded by verbal control
during testing without reinforcement, if a
ready verbal basis for the categorization of
stimuli is available.

During the first block of emergent testing,
no significant effects of nodal distance were
observed in the accuracy with which partici-
pants in the rhyme condition responded. In
accordance with previous research (Kennedy,
1991; Kennedy, Itkonen, & Lindquist, 1994),
however, both control conditions produced
significantly greater accuracy on symmetry tri-
als than on those of any other relation type.
Also in accordance with previous findings
(Fields et al., 1990), participants in the or-
thogonal condition showed significantly
greater accuracy on trials of one-node tran-
sitivity than on any other trial type except

symmetry. That significantly longer latencies
were observed in the responses of all condi-
tions on trials of two-node equivalence than
on any other trial type also supported previ-
ous reports of the transitivity latency effect
(Dickins et al., 1993) in verbally able humans.
Although the error scores of the remaining
participants in both control conditions dif-
fered significantly during the final block of
emergent testing, the pattern of errors evi-
dent in those scores was similar to those re-
ported for Block 1, suggesting that more ex-
tensive exposure to the experimental
contingencies would have been required for
effects of nodal distance to be minimized
(Fields et al., 1993) and for full equivalence
to emerge (Lazar et al., 1984; Sidman et al.,
1986; Spradlin, Cotter, & Baxley, 1973).

During generalization testing (Phase 5), all
participants in the rhyme condition met the
errorless criterion for selection of compari-
sons whose names rhymed with their sam-
ple’s; all but 2 did so within the first block of
testing. More surprisingly, 7 participants in
the orthogonal condition and 4 in the diag-
onal condition also met this criterion, al-
though only 1 participant from each condi-
tion did so during the first testing block. Not
only did the stimuli involved bear no formal
resemblance to each other or to the stimuli
used in baseline training and emergent test-
ing, but their names were also phonologically
unrelated to the names of the baseline stim-
uli.

Such a finding is perhaps relevant to dis-
cussion of the functional relationships among
equivalence classes, generalized classes, and
natural categories (Fields, Adams, Buffing-
ton, Yang, & Verhave, 1996; Fields, Reeve, Ad-
ams, Brown, & Verhave, 1997; Fields, Reeve,
Adams, & Verhave, 1991; Haring, Breen, &
Laitinen, 1989). Equivalence classes have
been described as arbitrary classes, in that
their constituents need not bear the formal
resemblance to each other definitive of fea-
ture classes (Stromer & Mackay, 1996). Al-
though physical similarity has been suggested
as a basis for the merger of equivalence and
feature classes (Adams et al., 1993), the ma-
jority of participants in the present experi-
ment showed the consistent selection of novel
comparisons indicative of class generaliza-
tion, even though the stimuli involved shared
no such similarities. Once again, the only ba-
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sis for such consistency was the rhyme be-
tween sample and comparison names, and it
would therefore again seem plausible that for
participants in the rhyme condition, gener-
alized class formation was the result of the
verbal control engendered during baseline
training. That some participants in the con-
trol conditions also showed consistent selec-
tion of rhyming comparisons during gener-
alization testing would again indicate that
when a ready verbal basis for categorization
is available during testing without reinforce-
ment (as it was for Participant RC earlier in
the experiment), that basis may become func-
tional.

Additional confirmation that stimuli were
named was provided by written posttests,
which also indicated that the naming of the
experimental stimuli was usually normative.
Although some participants in the control
conditions reported using intraverbal phrases
to link stimulus names (as previously report-
ed by Horne & Lowe, 1996), no participants
in the rhyme condition reported having used
such strategies, although 4 indicated that they
had changed to normative names during the
experiment on the basis of rhyme. Anecdotal
evidence from participants in the rhyme con-
dition further suggested that they had simply
selected ‘‘pictures whose names rhymed’’ ear-
ly in the experiment.

It is perhaps interesting also to note a cor-
relation between the language experience of
2 participants exposed to rhyme condition
training and testing and their performance
during the experiment. By far the most errors
made by any participant in the rhyme con-
dition included in the above analyses were by
Participant SG who, as noted above, was a flu-
ent speaker of both English and Hindi. Al-
though the posttest suggested her use of
mostly normative English names, it does not
seem unreasonable to suggest that some of
the names she had actually used during the
experiment may have been Hindi (cf.
Perone, 1988; Shimoff, 1984, 1986). Partici-
pant PM, whose first language was Italian,
performed at a level akin to the low-accuracy
participants in the control conditions. The
mixture of normative and nonnormative
naming responses in both English and Italian
that he reported on the posttest strongly sug-
gested that, for him, the task was not one of

simply matching stimuli whose names
rhymed.

As Goswami and Bryant (1990, p. 3) note,
‘‘rhyme is an extremely important part of our
everyday lives. Rhymes are to be found prac-
tically everywhere—in poems, in songs, in ad-
vertisements and in political slogans,’’ and
rhyme was chosen as a potential verbal basis
for stimulus classification because of this sa-
liency. That training and testing often lead to
the contraction of intraverbally linked names
employed by subjects (e.g., green-cross to cross)
has been noted previously (Horne & Lowe,
1996), and might offer a further behavioral
explanation of the effects observed in the
present experiment. If, precurrently, partici-
pants in the rhyme condition repeated the
names of the stimuli during the experiment,
the salience of the phonetic similarity be-
tween those names might be increased, facil-
itating class formation. The same behavior in
relation to stimuli with phonologically unre-
lated names would be unlikely to have such
striking effects, as evidenced perhaps by the
performances of participants in the control
conditions. Similarly, from this perspective,
exposure to pictures whose names rhyme
might provide grounds for the common nam-
ing of the stimuli involved (e.g., cat, hat, rat,
and bat all share the common phonetic ele-
ment -at).

It might also be argued that, for partici-
pants in the rhyme condition, these common
phonetic elements functioned as contextual
stimuli, and that this second-order control
could have facilitated the emergence of
equivalence.3 Whether such contextual con-
trol actually occurred, however, remains to be
determined.

In summary, therefore, the findings of the
present research suggest strongly that verbally
able humans’ performance on equivalence
tasks can be influenced by their naming of
stimuli and by the phonological properties of
the names thus given. Although the present
study is clearly not a demonstration of the ne-
cessity or even the sufficiency of naming for
equivalence or generalized class formation, it
nevertheless provides an unequivocal dem-
onstration that the emergence of untrained
relations can be substantially affected both by

3 We are grateful to an anonymous reviewer for this
suggestion.
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participants’ verbal histories and by their ver-
bal behavior during experimentation. The
finding that verbal behavior can be functional
in equivalence is perhaps reminiscent of pre-
vious analyses of the determinants of human
schedule-maintained performance (Horne &
Lowe, 1993; Lowe, 1983; Rosenfarb, Newland,
Brannon, & Howey, 1992).

Acceptance of the conclusion that naming
can be functional in the emergence of stim-
ulus equivalence carries a further implica-
tion: An unequivocal demonstration of non-
human equivalence would not mean that all
demonstrations of equivalence in humans
could be interpreted without reference to
their verbal abilities. The potential role of
naming in previous demonstrations of equiv-
alence with verbally able participants should
not therefore be disregarded, and it might be
suggested that future experimentation using
this population would benefit from more
careful analysis of the verbal behavior in-
volved.
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APPENDIX A

Trials (Tr) required and errors (Er) made by all participants in the rhyme, orthogonal, and
diagonal conditions during each stage of match-to-sample training and testing: Phase 1, base-
line establishment (AB, BC, CD); Phase 2, reinforced baseline review (Br1); Phase 3, extinc-
tion baseline review (Br2); Phase 4, emergent testing (Emgt); Phase 5, generalization testing
(Gn). Blank cells indicate that no training or testing occurred during that phase. Data rejected
from analysis (Participant PM) are presented separately.

Condition
Partici-

pant

AB

Tr Er

BC

Tr Er

CD

Tr Er

Br1

Tr Er

Br2

Tr Er

Emgt 1

Tr Er

Rhyme JW 32 8 13 1 12 0 12 0 24 1 36 0
SG 83 33 25 9 12 0 12 0 12 0 36 7
CS 15 2 12 0 12 0 12 0 12 0 36 0
AL 13 1 12 0 12 0 12 0 12 0 36 0
HM 31 13 12 0 12 0 12 0 12 0 36 1
LL 18 5 12 0 12 0 12 0 12 0 36 0
PJ 12 0 12 0 12 0 12 0 24 1 36 0
CW 18 4 12 0 12 0 12 0 12 0 36 1
EB 31 14 12 0 12 0 12 0 12 0 36 0
MH 20 8 12 0 21 1 12 0 12 0 36 0

Orthogonal JH 26 7 22 8 55 18 48 6 36 2 36 20
MG 61 31 44 22 60 32 36 2 12 0 36 21
MB 14 1 44 18 29 10 72 10 12 0 36 18
CN 29 12 54 18 36 15 108 24 12 0 36 4
SS 57 34 24 5 27 9 96 11 12 0 36 22
JS 25 7 32 11 62 20 96 13 12 0 36 7
IP 51 21 44 18 58 23 72 8 24 1 36 3
GC 24 4 29 11 43 14 12 0 12 0 36 16
RH 43 13 20 7 33 5 12 0 12 0 36 11
NR 40 10 26 3 45 19 12 0 12 0 36 0

Diagonal JS 27 9 22 8 27 10 168 19 12 0 36 17
KS 48 19 96 37 14 2 108 16 12 0 36 17
JT 61 27 79 30 21 4 348 40 84 13 36 9
PH 53 17 30 7 40 17 96 13 36 7 36 21
RC 33 13 19 7 15 1 12 0 12 0 36 29
CS 24 4 45 8 12 0 48 5 12 0 36 23
MY 35 10 25 5 20 5 48 6 12 0 36 31
CB 16 2 33 11 21 9 60 8 12 0 36 24
WS 20 2 51 23 18 3 60 6 12 0 36 5
KP 19 7 32 9 24 6 24 1 12 0 36 1
PM 37 15 27 13 32 10 12 0 12 0 36 16
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APPENDIX A

(Extended)

Emgt 2

Tr Er

Br2

Tr Er

Br1

Tr Er

Emgt 3

Tr Er

Emgt 4

Tr Er

Gn 1

Tr Er

Gn 2

Tr Er

18 0
36 0 18 1 18 0

18 0
18 0
18 0
18 0
18 0

36 1 18 0
18 1 18 0
18 0

36 21 24 1 36 19 36 16 18 12 18 6
36 18 12 0 36 18 36 17 18 8 18 14
36 4 36 2 24 1 36 4 36 5 18 11 18 7
36 5 12 0 36 1 18 0
36 13 36 2 24 1 36 6 36 5 18 2 18 0
36 3 60 7 72 6 36 4 36 4 18 3 18 0
36 0 18 1 18 0
36 18 24 1 36 17 36 16 18 7 18 0
36 6 24 1 36 0 18 4 18 0

18 8 18 0
36 21 12 0 36 22 36 22 18 11 18 13
36 16 12 0 36 22 36 19 18 14 18 11
36 21 36 3 12 0 36 20 36 23 18 15 18 15
36 22 24 1 36 18 36 22 18 16 18 17
36 36 48 28 48 4 36 36 36 36 18 0
36 24 36 2 12 0 36 13 36 19 18 2 18 0
36 32 12 0 36 32 36 32 18 18 18 18
36 23 36 5 48 3 36 21 36 25 18 18 18 17
36 6 12 0 36 3 36 3 18 1 18 0

18 2 18 0
36 20 24 1 36 21 36 18 18 13 18 14
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APPENDIX B

Mean response latencies (in seconds) of all participants in the rhyme, orthogonal, and diag-
onal conditions on trials of symmetry, one-node transitivity (1-node tr), one-node equivalence
(1-node eq), two-node transitivity (2-node tr), and two-node equivalence (2-node eq) during
the first block of emergent testing. Data rejected from analysis (Participant PM) are presented
separately.

Condition Participant

Mean response latencies

Symmetry 1-node tr 1-node eq 2-node tr 2-node eq

Rhyme JW 2.08 2.76 2.31 2.86 3.43
CS 1.22 1.64 2.26 1.52 1.87
AL 1.53 1.57 1.76 1.7 1.81
HM 2.45 3.34 3.54 2.57 3.85
LL 1.55 1.4 1.4 1.13 2.24
PJ 2.83 2.45 3.07 2.53 4.14
EB 1.64 1.98 2.22 2.64 2.15
MH 1.6 1.97 1.62 1.31 4.01
SG 2.66 2.86 3.53 3.78 5.66
CW 1.98 2.05 2.66 2.06 2.2

Orthogonal NR 2.69 5.02 3.87 4.12 6.41
IP 4.46 4.44 4.85 9.78 9.29
CN 4.64 5.91 6.07 7.91 11.52
RH 3.12 5.36 5.69 9.17 6.86
JH 5.21 5.72 5.82 5.18 5.67
MG 2.48 2.8 3.91 2.86 2.29
MB 3.19 6.01 7.88 5.07 8.55
SS 12.93 7.56 18.75 24.07 39.76
JS 2.14 1.77 2.33 2.75 2.87
GC 2.33 5.28 6.25 7.64 6.46

Diagonal KP 5.36 4.67 5.8 7.35 9.26
JS 3.66 8.7 8.06 8.32 10.31
KS 3.46 6.8 6.61 3.21 8.49
JT 2.98 5.52 2.8 2.48 6.83
PH 4.93 6.09 5.86 5.74 6.36
RC 3.51 4.77 4.6 5.77 4.2
CS 3.21 5.82 3.81 4.54 6.26
MY 8.38 7.12 5.29 5.06 11.86
CB 2.33 3.4 2.46 2.79 3.77
WS 3.3 4.99 5.29 9.12 7.94
PM 2.73 4.48 4.7 5.14 7.36


